The Hippo signaling pathway is essential for regulating proliferation and apoptosis in mammalian cells. The LATS1 kinase is a core member of the Hippo signaling pathway that phosphorylates and inactivates the transcriptional co-activators YAP1 and WWTR1. Deletion of Lats1 results in low neonate survival and ovarian stromal tumors in surviving adults, but the effects of Lats1 on early follicular development are not understood. Here, the expression of Hippo pathway components including Wwtr1, Stk4, Stk3, Lats2, and Yap1 transcripts were decreased by 50% in mouse ovaries between 2 and 8 days of age while expression was maintained from 8 days to 21 days and after priming with eCG. LATS1, LATS2, and MOB1B were localized to both germ and somatic cells of primordial to antral follicles. Interestingly, YAP1 was predominantly cytoplasmic, whereas WWTR1 was nuclear in oocytes and somatic cells. Deletion of Lats1 caused an increase in germ cell apoptosis from 1.7% in control ovaries to 3.6% in Lats1 mutant ovaries and a 58% and 32% decrease in primordial and activated follicle numbers in cultured mutant ovaries. Surprisingly, there was an increase in Bmp15 but not Gdf9, Figla, Nobox transcripts or the somatic-specific transcripts Amh and Wnt4 in cultured Lats1 mutant ovaries. Last, Lats1 mutant ovaries developed ovarian cysts at a higher frequency (43%) than heterozygous (24%) and control ovaries (8%). Results showed that the Hippo pathway is active in ovarian follicles and that LATS1 is required to maintain the pool of germ cells and primordial follicles.
INTRODUCTION
Production of fertile gametes is an essential biological process, important for species survival. Among vertebrate species, there is tremendous variation in estrus cycle length, follicular dynamics, and ovulation patterns, but the basic sequence of follicle assembly, activation, growth, and ovulation is highly conserved. Mammalian follicular development is controlled by multifaceted regulatory mechanisms including intraovarian paracrine signaling and endocrine regulation by systemic hormones such as follicle-stimulating hormone (FSH) and luteinizing hormone (LH). The paracrine communication between oocytes and somatic cells forms a complicated network of regulatory and metabolic pathways that are critical for proper ovarian function. For example, mammalian oocytes orchestrate follicular development by potently promoting granulosa cell proliferation and differentiation [1] [2] [3] . In turn, granulosa cells promote oocyte developmental competence [4, 5] , partly by supplying the oocytes with needed nutrients [6] [7] [8] and regulating oocyte maturation [5, 9] . Although we know that these paracrine effects are important for ovarian function, the signals responsible for follicle activation and growth are still not fully defined.
The Hippo pathway is a key regulator of cellular proliferation. First discovered in Drosophila in the early 1990s, Hippo signaling is highly conserved among different species and has emerged as an important signaling pathway for controlling organ size by regulating the cell fate decision to remain quiescent, divide, or undergo cell death [10] . Although the upstream signals that regulate Hippo signaling are not precisely known, activation of the Hippo signaling pathway converges on activation of the Hippo kinases, STK4 (MST1), and STK3 (MST2). STK3/4 will then phosphorylate the adaptor protein SAV1 and form a complex, which phosphorylates and activates the DBF family kinases LATS1 and LATS2. Activated LATS proteins then associate with the adaptor proteins MOB1A/B and phosphorylate the transcriptional coactivators YAP1 and WWTR1 (TAZ). Phosphorylated YAP1/WWTR1 associate with 14-3-3 proteins and are retained in the cytoplasm and are therefore inactivated. Conversely, inactivation of Hippo signaling leads to hypophosphorylation of YAP1 and WWTR1, followed by translocation to the nucleus where, in conjunction with binding partners such as TEAD1-4, cellular proliferation and/or survival is induced [10, 11] .
Genetic studies in mice have provided a detailed understanding of Hippo pathway function and how Hippo signaling is regulated. For example, deletion of liver-specific Stk4 À/À and Stk3 À/À causes upregulation of the YAP1 protein and increased liver size in mice [12] . However, the role of Hippo signaling in mammalian reproduction is poorly understood. Recently, Kawamura et al [13] showed that fragmentation of mouse and human ovaries caused an increase in nuclear YAP1 localization in somatic cells that was required for increased cellular proliferation and follicular growth. Also, deletion of the Lats1 gene in mice is associated with fewer ovarian follicles, no corpora lutea, and development of ovarian stromal tumors [14] . However, the Lats1 À/À mouse strain has a high perinatal mortality [14] , and an analysis of early follicular development is difficult. These observations demonstrate the potential importance of Hippo signaling in ovarian function, but little is known about how this pathway is regulated and the role it plays during specific stages of ovarian development. To begin addressing these issues and to examine the role of Hippo signaling during early follicular development, we examined the expression and distribution of key Hippo pathway components in mouse ovaries. Moreover, we investigated the early ovarian phenotype of Lats1 mutant mice by using organ culture. The findings indicated that Hippo pathway components are highly expressed in both somatic and germ cells and that Lats1 is required to prevent oocyte apoptosis and for maintenance of the primordial follicle pool. Deletion of Lats1 also caused frequent ovarian cyst formation in vitro, suggesting deregulated somatic cell proliferation. Collectively, the results indicate that Hippo signaling participates in a complex paracrine mechanism regulating early follicular development and survival.
MATERIALS AND METHODS

Animals
Female CD1 mice were produced and raised in the investigators' research colony. Heterozygous (B6; 129S2-Lats1 tm1Tx /J) young adult males and females were purchased from Jackson Laboratory and maintained as heterozygous mating pairs. Progeny were genotyped by PCR with specific primers (mLats1 common-AAAGACGTTCTGCTCCGAAA; mLats1 wildtype-GCACAAGC CAAAGTCAGTCA; and mLats1 mutant-GCCAGAGGCCACTTGTGTAG). Animals were maintained according to the Guide for the Care and Use of Laboratory Animals (Institute for Learning and Animal Research). All animal use was reviewed and approved by the IACUC committee at The Pennsylvania State University.
Newborn Ovary Culture
Ovaries were isolated from newborn Lats1 þ/þ and Lats1 À/À mice on the first postnatal day and cultured in vitro as described previously [15] . Briefly, surrounding tissues, including the ovarian bursae, were removed and 3 to 4 ovaries were placed on membrane inserts (3.0 lm, 24 mm; Costar Transwell Col). Ovaries were cultured in Waymouth 752/1 medium supplemented with 0.23 mM pyruvic acid, 10 lg/ml streptomycin sulfate, 75 lg/ml penicillin G, and 10% fetal bovine serum. Organ cultures were maintained for either 7 days (for the observation of cyst development) or 11 days (for the counting of primordial follicles and activated follicles) at 378C in an incubator infused with a gas mixture of 5% CO 2 and 20% O 2 , and medium was replaced every other day.
Histology
Ovaries were fixed in 4% paraformaldehyde and embedded in paraffin. Ovarian sections (5 lm for cultured ovaries, 4 lm for newborns) were stained with hematoxylin and eosin (H&E) using standard methods. Brightfield images were captured for assessment of follicular morphology of cultured ovaries.
TRA98 and Cleaved PARP Immunohistochemistry
Ovaries were fixed in 5% electron microscopy-grade paraformaldehyde (Electron Microscopy Sciences) overnight at 48C and stained as previously described [16] . Whole ovaries were incubated with TRA98 antibody (BBridge) diluted 1:100 to label germ cells [17, 18] and with cleaved PARP (product no. E51; Abcam) diluted 1:100 to label cells undergoing apoptosis overnight and then with goat anti-rat secondary Alexa 488 and goat anti-rabbit Alexa 568, respectively. Nuclei were labeled with TOTO-3 (Invitrogen). A confocal microscope (model LSM 710; Zeiss) was used to image the ovaries.
Germ Cell Counting
Total oocytes (TRA98-positive) and apoptotic oocytes (cleaved PARPpositive) were determined by counting the number of cells found within each of 8 optical sections per ovary (n ¼ 12). The numbers were averaged and reported as the number of oocytes per section. The number of oocytes per section was used as a proxy for the total oocytes per ovary; therefore, only ovaries that appeared to be of similar size and depth were used for counting oocyte numbers.
Follicle Counting
Primordial and activated follicles were examined in Lats1 þ/þ and Lats1
newborn ovaries cultured for 7 days and stained with H&E. Three to 4 sections, 8 to 10 sections apart, from each ovary were selected for counting. Follicles were independently counted by two persons who were blinded to the two genotypes. Follicles with a single squamous layer of granulosa cells were counted as primordial follicles. Follicles with a layer of cuboidal granulosa cells and follicles beyond this stage were counted as activated follicles. The area of each section was measured using DP2-BSW software (Olympus). Follicle numbers were normalized to the area of each section.
Total RNA Isolation and Real-Time PCR
Total RNA was isolated from fresh or cultured ovaries, using RNeasy micro-kit (Qiagen). Total RNA was isolated from individual (n ¼ 6) Lats1
and Lats1 À/À ovaries and from ovaries (n ¼ 4) collected from CD-1 mice on 2, 8, and 21 days after birth. cDNA synthesis kit (Quantitect; Qiagen) was used to reverse transcribe total RNA into cDNA. Quantification of transcripts for the Hippo pathway was normalized to the those of the house-keeping gene Rpl19, and gene-specific primers used in real-time PCR are shown in Table1. The relative fold change in transcript was measured using the 2 ddCt method as described previously [19] .
DAB Immunohistochemistry
Ovaries from 2-, 8-, and 21-day-old CD1 females were fixed in electron microscopy-grade 4% paraformaldehyde for 1 to 4 h at room temperature and embedded in paraffin. The following steps were the same for freshly collected or cultured ovaries. Sections (4 to 5 lm) were dewaxed in Histoclear (Electron Microscopy Sciences) three times for 5 min each and then incubated for 5 min in each of the following solutions: 100% ETOH, 100% ETOH, 95% ETOH, 85% ETOH, 70% ETOH, and ddH 2 O. Next, samples were incubated in 13 antigen retrieval solution (product no. S2367; Dako) at 948C for 30 min. After cooling to room temperature, slides were washed three times with ddH 2 O for 5 min. Then the sections were incubated in 3% hydrogen peroxide for 10 min, followed by 2 washes in ddH 2 O and 2 washes in wash buffer (13 TBST, 0.1% Tween-20) for 5 min each, followed by incubation in goat blocking buffer (TBST, 5% goat serum) for 1 h at room temperature. Slides were then immediately incubated with anti-YAP (product no. 13584-1-AP; Proteintech), anti-TAZ (code ab84927; Abcam), anti-pYAP1 (Ser 127; product no. D9W2I; Cell Signaling), anti-LATS1 (code ab85893; Abcam), anti-LATS2 (1:800 dilution; code ab70765; Abcam), and MOB1B (1:400 dilution, product 12790-1-AP; Proteintech) antibody. After primary antibody incubation, slides were washed in 13 TBST three times for 5 min each. Then, 1 to 3 drops of room temperature-equilibrated Boost Detection reagent (SignalStain) was used to cover sections and samples were incubated in room temperature for 30 min in a humidified chamber. Then slides were washed three times in 13 TBST, after which, 100 to 400 ll of DAB reagent (SignalStain) was applied to each section and monitored closely for color development for 1.5 to 5 min, depending on the antibody. Slides were then immersed in ddH 2 O to stop the reaction. For staining of MOB1B, pYAP1, LATS1, and LATS2, slides were counterstained with hematoxylin for 20 sec and then incubated twice in 95% and 100% ethanol and twice in Histoclear for 10 sec. Normal rabbit immunoglobulin G (IgG) antibody applied with corresponding dilutions (1:400 for MOB and 1:800 for others) was used for negative controls. Finally, slides were mounted with Cytoseal (Richard-Allan Scientific) and covered with glass coverslips.
Statistical Analyses
Follicle and germ cell counting data are means 6 SEM. Gene expression was analyzed by one-way ANOVA followed by Tukey post hoc test. The number of total germ cells, activated and primordial follicles, and proportion of apoptotic germ cells were analyzed using general linear model or Student t-test. The cyst frequencies of cultured ovaries were analyzed by chi-square test. Excel (Microsoft) or JMP 9 (SAS) software was used for analyses. A P value of ,0.05 was considered statistically significant.
RESULTS
Expression of Hippo Pathway Components in Ovaries
The relative concentrations of transcripts encoding Hippo pathway components were analyzed in freshly isolated ovaries collected from CD1 mice of different ages. Ovaries from Postnatal Day 2 contained mostly primordial follicles, Day-8 primordial and primary follicles and 21-day ovaries contained large preantral/early antral follicles. Priming with equine chorionic gonadotropin (eCG) caused development of large antral follicles. Overall, the expression of all Hippo transcripts SUN ET AL. decreased as ovaries developed from 2 to 21 days. With the exception of Yap1 mRNA, all transcripts were 30% to 60% decreased from 2 to 8 days after birth (Fig. 1) . Transcripts for Wwtr1, Wwc1, Sav1, Stk4, Stk3, Lats2, and Yap1 mRNA were 10% to 70% decreased from 8-to 21-day-old mice. Priming animals with eCG did not result in any change in mRNA levels for any transcripts (Fig. 1) .
Immunolocalization of Hippo Pathway Proteins in the Ovary
To begin investigating the possible regulation of Hippo signaling in ovarian follicles, the protein localization of LATS1, LATS2, MOB1B, YAP1, WWTR1 (TAZ), and pYAP1 were examined in ovaries from 2-day, 8-day, and 21-day-old mice. LATS1 and LATS2 proteins were strongly localized to the cytoplasm of oocytes from primordial, primary, secondary, and antral follicles (see Supplemental ; all supplemental data are available online at www. biolreprod.org). In somatic cells, both the LATS1 and LATS2 proteins were expressed most prominently in granulosa cells of small and antral follicles, with much lower expression in stromal cells, including theca of large antral follicles (Supplemental Fig. S1 ). Similar to LATS1 and LATS2, MOB1B was localized to germ cells and somatic cells but was notably absent from ovarian stromal cells between follicles (Fig. 2) . The downstream transcriptional coactivators YAP1 and WWTR1 were differentially localized in the ovary. WWTR1 was strongly nuclear in both the oocytes and granulosa cells from primordial to antral follicles, with the exception of oocytes in large follicles (Fig. 3) . On the other hand, YAP1 was localized predominantly in the cytoplasm of oocytes from primordial to fully grown oocytes (Fig. 4) . In somatic cells, YAP1 was ubiquitously expressed and predominantly cytoplasmic (Fig. 4) . Localization of pYAP1 changed during follicular development. In primordial follicles, pYAP1 was present in granulosa cells but less evident in oocytes (Fig. 5) . As follicles were activated, pYAP1 became more prominent in cuboidal granulosa cells of primary (Fig.  5F , arrow) and secondary (Fig. 5 , B and C) follicles than in squamous granulosa cells in primordial follicles (Fig. 5F,  arrowhead) . In antral follicles, pYAP1 was localized to granulosa cells and fully grown oocytes (Fig. 5) . In adult ovaries, WWTR1 was localized strongly to the nuclei of both germ cells and granulosa cells and to corpora lutea (Fig. 6, A and B), whereas YAP1 (Fig. 6, D and E) and pYAP1 (Fig. 6 , G and H) localized more strongly to follicles than to corpora lutea, but did not appear to differ between healthy and atretic follicles (Fig. 6, J and K) .
Germ Cell Apoptosis in Lats1
À/À Ovaries
To determine if Lats1 mutant pups had fewer germ cells and/or higher incidence of cell death at birth, newborn ovaries 
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were stained with the germ cell-specific TRA98 antibody and the cleaved PARP [poly(ADP)-ribose polymerase] antibody, which marks apoptotic cells. Image analysis of ovarian sections immunostained with TRA98 antibody to mark germ cells showed numbers of germ cells in Lats1 mutant ovaries that were similar to those in control ovaries (Lats1 þ/þ samples showed 56 6 3.8 germ cells/section, and Lats1 À/À samples showed 54 6 4.0 germ cells/section) (Fig. 7, A, B, and D) .
However, the proportion of germ cells undergoing apoptosis was higher in Lats1 mutant ovaries than in controls (Lats1 þ/þ showed 1.7 6 0.19%, and Lats1 À/À showed 3.6 6 0.46% of total germ cells; P , 0.05) (Fig. 7, A, B , and E). Brightfield images of H&E-stained sections showed no apparent morphological difference between Lats1 þ/þ and Lats1 À/À ovaries (Fig.   7C ). 
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Morphological Changes in Cultured Lats1
þ/þ and Lats1
À/À
Ovaries
To determine changes in morphology during early ovarian development, newborn Lats1 þ/þ and Lats1 À/À ovaries were cultured for 11 days. During this time, primordial follicles assembled, and some were activated and began growth. In control ovaries, there were abundant numbers of primordial follicles as well as primary and secondary follicles at the end of culture (Fig. 8, A and B) . In contrast to control ovaries, Lats1 À/À ovaries exhibited abnormal follicle development. In many cases, oocytes underwent growth in groups without a complete layer of granulosa cells surrounding each oocyte (Fig. 8A) . In addition, Lats1 À/À ovaries had a decrease of more than 50% in the number of primordial follicles (control: 122.86 6 25.51 primordial follicles/mm 2 ; Lats1 mutant: 52.00 6 9.01 primordial follicles/ mm 2 ; P , 0.05) (Fig. 8B) . Likewise, the number of activated follicles was also decreased in Lats1 À/À ovaries compared to that in control ovaries (control: 117.98 6 11.85 primordial follicles/ mm 2 ; Lats1 mutant: 79.98 6 9.25 primordial follicles/mm 2 , P , 0.05) (Fig. 8C) . To determine whether the abnormal follicle distribution resulted in altered transcript abundance, the expression of key transcripts was examined in cultured Lats1 control and mutant ovaries by quantitative PCR (Fig. 9) . Low expression of Lats1 mRNA confirmed that the Lats1 gene was deleted in these cells. Surprisingly, among the genes for oocytespecific factors, Bmp15 mRNA showed significantly higher expression in Lats1 mutant ovaries than in control, whereas Gdf9, Figla, and Nobox expression levels were not different (Fig. 9) . Likewise, expression levels of the somatic cell-specific genes Amh and Wnt4 did not differ between control and Lats1 mutant ovaries (Fig. 9 ).
Development of Ovarian Cysts
A novel observation in cultured ovaries was the development of cystic structures in a large proportion of Lats1 À/À ovaries (Fig. 10) . By Day 7 of culture, 43% of Lats1 À/À and 24% of Lats1 þ/À ovaries developed ovarian cysts (Fig. 10) . In contrast, only 8% of control ovaries developed cysts (Fig. 10) . Cysts that developed were lined by a single inner layer of palisading cuboidal epithelial (granulosa) cells or, in some cases, squamous cells, with an outer layer of spindled cells (Fig. 10) .
DISCUSSION
Mammalian follicular development is controlled by complex paracrine and endocrine mechanisms. The ovary contains follicles at all developmental stages, and at any given time, multiple processes including follicular activation, growth, and atresia are occurring simultaneously in the ovary. However, the mechanisms controlling the fate of specific follicles (activation, growth, or atresia) are not completely understood. The Hippo pathway is emerging as a key mediator of the cell fate decision to proliferate, remain quiescent, or undergo apoptosis. A recent finding showed that increased follicular development resulting from ovarian fragmentation is due to increased activation of the Hippo pathway target YAP1 [13] . In this study, we examined the expression of core components of the Hippo pathway in mouse ovaries during follicular development and examined the effect of ablating a core kinase, LATS1, on early follicular development. The findings showed that Hippo transcripts are decreased as follicles progress from primordial to antral follicles and that the proteins for several members of the core Hippo pathway are widely expressed in mouse ovarian follicles of different developmental stages. Interestingly, ablation of LATS1 caused increased germ cell apoptosis with subsequent primordial follicle loss but also caused development of ovarian cysts. These findings demonstrate the complex and essential nature of the Hippo pathway during early follicular development.
Genetic ablation studies have shown that disruption of the Hippo signaling pathway causes proliferation defects and in some cases defects in fertility. Global ablation of Stk3/Stk4, Yap1, Lats2, and Nf2 are embryonic lethal in mice [20] [21] [22] [23] . However, tissue-specific deletion of Stk4 and Stk3 showed that their protein products acted as robust tumor suppressors in liver and colon where ablation of both kinases led to YAP1 upregulation and increased cellular proliferation [12, 24] . Yap1 and Wwtr1, on the other hand, acted as oncogenes and stimulated cellular proliferation [11] and are upregulated in different types of cancers [25, 26] , including ovarian cancer [27] . Thus far, Wwtr1, Lats1, and Sav1 (Ww45) global knockout mice exhibit fertility defects. Wwtr1 À/À and Sav1 À/À mice are severely subfertile and suffer from decreased placenta vascularization, but the overall effect on fertility and ovarian function remain uncharacterized [28, 29] . Mice with a deletion in the Lats1 gene exhibit hyperplastic changes in the pituitary; decreased serum levels of LH, growth hormone, and prolactin; lack of mammary gland development; and overall growth retardation [14] . Specifically in the ovary, Lats1 ablation causes ovarian stromal cell tumors and soft tissue sarcoma by 4 mo of age in the few pups that survive to adulthood [14] . Consistent with this previously described phenotype, we now 
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showed that Lats1 mutant ovaries develop cystic structures after just 7 days in culture. The more frequent occurrence of cyst formation in cultured Lats1 À/À ovaries, compared with Lats1 þ/þ ovaries, suggests that Lats1 À/À ovaries are more prone to proliferation defects in vitro, but how this relates to the in vivo development of ovarian stromal tumors is not yet clear. The cystic structures appear to be lined by a cuboidal or squamous epithelium, but it is unclear whether these are derived from follicles or the surface epithelium. The rapid growth of cystic structures and the single epithelial cell layer lining the inside of the cyst suggests that these structures might be different from the stromal cell tumors described previously [14] .
Shortly before birth in mice, germ cell cysts start to break down into individualized germ cells and become surrounded by flattened granulosa cells to form primordial follicles [30, 31] . Germ cell nest breakdown involves apoptosis of as many as two-thirds of oocytes in a process that is hormoneand growth factor-dependent [30, 32] . Several oocyte transcription factors including FIGLA, FOXO3, NOBOX, SOHLH1, SOHLH2, and LHX8 are essential for follicle activation and early growth [33] . Although the signaling pathways regulating these transcription factors are largely unknown, some candidate factors include KitL, LIF, FGFs, and CTGF [33, 34] . The increase in germ cell death in Lats1 mutant ovaries at birth could be caused by either accelerated cyst breakdown or defects in somatic cells that impact germ cell survival. In cultured Lats1 mutant ovaries, primary follicular structure was poorly organized, with morphologically normal oocytes but with an incomplete layer of granulosa cells (Fig. 8) . This observation is surprising as ablation of LATS1 would be expected to cause an increase in YAP1 and/or WWTR1 activity (i.e., nuclear localization) in granulosa cells, which would then stimulate proliferation. The increase in cystic structures in Lats1 mutant ovaries could be explained by an over-proliferation phenotype of ovarian somatic cells. However, it is unclear how Lats1 deletion leads to germ cell loss and whether Lats1 deletion in the oocyte or somatic cells, or both, contributes to this phenotype. These are unanswered questions that require further work to answer. Clearly the roles of LATS1, YAP1, and WWTR1 in the ovary are more complicated than this simple model would suggest. The strong localization of pYAP1 in somatic cells in ovarian sections suggests that LATS1/2 may be more active in the somatic cells than in the germ cells. Although LATS1/2 are ubiquitously expressed, pYAP1 is highly localized to the somatic cells of primordial, primary and early pre-antral follicles rather than oocytes, suggesting that the activity of LATS1/2 may be regulated differently in germ cells and somatic cells. Conceivably, lack of LATS1 activity in the somatic cells could lead to a decrease in YAP and/or WWTR phosphorylation and an uncoupling of germ cell growth and somatic cell proliferation, but this concept remains speculative and requires further investigation.
Although the paralogs YAP1 and WWTR1 are structurally similar and share similar functions, they do not overlap completely. For example, knock-out studies revealed that Yap1 deletion causes an embryonic lethal phenotype, whereas Wwtr1 mutant mice are viable but show kidney defects [28, 35] . In the ovary, we found a striking difference in the localization of YAP1 and WWTR1 proteins. YAP1 was mostly cytoplasmic, whereas WWTR1 was strongly nuclear. Thus, it is possible that these effectors of the Hippo signaling pathway may play different roles in the ovary. In other mammalian cell models, YAP1 is known to interact with hnRNP and SMAD1/5, whereas WWTR1 is known to bind to PPARc and SMAD2/3, although both were shown to share transcriptional factor binding partners such as the TEADs and RUNX proteins [11, 36, 37] . Both YAP1 and WWTR1 are oncoproteins, and their activities are associated mostly with over-proliferation phenotypes [25, 38] , but how and why WWTR1 is localized to the nucleus in ovarian cells whereas YAP1 is cytoplasmic is not clear but may involve interactions with distinct binding partners.
The upstream signals that regulate Hippo signaling in the ovary are not known. Ovarian fragmentation leads to suppression of Hippo signaling and thus an increase in nuclear localization of YAP1 in preantral follicles [13] . This suggests that intraovarian signals activate Hippo in the unfragmented ovary to regulate the rate of follicular development. Some of these signals could include changes in cell-cell contact, cell density, or cell-extracellular matrix (ECM) interactions [39] [40] [41] . The Hippo pathway could also interact with well-known regulators of follicular development, such as FOXL2 [42] and members of the TGF-beta family, through interaction with SMAD signaling proteins [43] [44] [45] . Hippo signaling could also be regulated by secreted paracrine or endocrine factors that act through G-protein coupled receptors: Studies using multiple mammalian cell lines suggest that GPCR-mediated diffusible signals can either up-regulate or down-regulate the activity of YAP1/WWTR1 by acting through Rho GTPase and actin cytoskeleton [46] [47] [48] . Moreover, G protein-coupled receptors also acutely regulate LATS kinases and thus YAP1/WWTR1 [48] . Given the strong interaction between GPCRs and Hippo signaling it seems very likely that signaling through FSH and LH receptors could also modulate Hippo signaling in the follicle.
Follicular activation, growth, and atresia are controlled by paracrine and endocrine signals that regulate the balance between quiescence, proliferation, and apoptosis during follicle activation or between continued proliferation and concurrent atresia during follicular development. The Hippo signaling pathway is intimately involved in the cell fate decision to proliferate, remain quiescent, or undergo apoptosis. In the present study, we showed that Hippo signaling is active in the ovary and that the LATS1 protein has different roles in germ cells versus somatic cells. In germ cells, Lats1 is required for maintenance of germ cell pool at birth, whereas in somatic cells, Lats1 deletion leads to an overproliferation phenotype and formation of ovarian cystic structures. However, there is much yet to learn regarding the role of the Hippo pathway in controlling follicular 
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TTCAAAAACAAGCGCATCCT CTTTCGTGCTTCCTTGGTCT Hippo SIGNALING IN THE OVARY development. Future studies will identify the functional differences between YAP1 and WWTR1 in different compartments of the ovary and the possible upstream regulators of Hippo signaling, including gonadotropin receptors. This new information will fill critical gaps in our knowledge of follicular development.
